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(54) CARD SOUND DEVICE AND ELECTRONIC APPARATUS HAVING SAME 



(57) A card-type sound apparatus has, on a card- 
shaped substrate, a combination of a sound signal input 
portion to which a sound signal is input from outside and 
a sound generation portion that generates sound ac- 
cording to the sound signal inputto the sound signal in- 
put portion, or a combination of a sound collection por- 
tion that collects sound from outside and converts the 
sound into an electric signal and a sound signal output 



portion that outputs to outside the electric signal ob- 
tained from the sound collection portion, or both of these 
combinations. The sound generation portion generates 
sound by making the card-shaped substrate itself vi- 
brate according to the sound signal input to the sound 
signal input portion. The sound collection portion col- 
lects sound by converting the vibration of the card- 
shaped substrate itself into an electric signal. 
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Description 
Technical field 

[0001] The present invention relates to a card-type 
sound apparatus composed of a portable card-shaped 
substrate. 

Background art 

[0002] In recent years, portable apparatuses capable 
of taking in images from an external apparatus and dis- 
playing them have been becoming commercially avail- 
able. 

[0003] However, in the current stage of their develop- 
ment, for such portable apparatuses with image display 
capability to have loudspeaker and microphone capa- 
bilities, they need to be provided separately with an ap- 
paratus with image display capability and an apparatus 
with sound capability. This makes it difficult to realize 
such portable apparatuses in card size. It is possible to 
realize apparatuses with display capability alone in card 
size, but such apparatuses, without loudspeaker or mi- 
crophone capability, do not permit their users to enjoy 
sound accompanying images. 

Disclosure of the invention 

[0004] An object of the present invention is to provide 
a card-type sound apparatus that permits its user to 
readily enjoy sound. 

[0005] To achieve the above object, according to the 
present invention, a card-type sound apparatus is pro- 
vided with a combination of a sound signal input portion 
to which a sound signal is input from outside and a 
sound generation portion that generates sound accord- 
ing to the sound signal input to the sound signal input 
portion, or a combination of a sound collection portion 
that collects sound from outside and converts the sound 
into an electric signal and a sound signal output portion 
that outputs to outside the electric signal obtained from 
the sound collection portion, or both of these combina- 
tion. Here, the sound signal input portion, the sound 
generation portion, the sound collection portion, and the 
sound signal output portion, whichever is present, are 
all provided on a card-shaped substrate. 
[0006] In this way, a card-type sound apparatus is pro- 
vided with loudspeaker capability, or microphone capa- 
bility, or both, and thus permits its user to readily enjoy 
sound. 

[0007] Sound may be generated orcollected by letting 
the body of the card-type sound apparatus vibrate. For 
example, the sound generation portion is composed of 
a vibrator portion and an exciter portion that makes the 
vibrator portion vibrate according to the sound signal in- 
put to the sound signal input portion, the sound collec- 
tion portion is composed of the vibrator portion and a 
pickup portion that converts the vibration of the vibrator 



portion into an electric signal and feeds the electric sig- 
nal to the sound signal output portion, and the card- 
shaped substrate serves as the vibrator. 
[0008] In this way, by achieving sound generation or 
5 sound collection by letting the card-shaped substrate it- 
self, which serves as the body of the card-type sound 
apparatus, vibrate, it is possible to make the card-type 
sound apparatus slim and compact easily. 
[0009] The card-shaped substrate may form a display 
10 portion. In this case, the vibrator portion may be ar- 
ranged parallel to the surface of the card-shaped sub- 
strate on which display is performed. With this structure, 
display and sound generation or sound collection are 
performed on the same surface. 
15 [0010] In a case where the card-shaped substrate 
forms a display portion, the card-shaped substrate may 
serve also as the vibrator. In this case, the exciter portion 
or the pickup portion may be provided in a frame portion 
of the card-shaped substrate in which no display is per- 
20 formed. In a case where the card-shaped substrate is 
of a type that does not use one surface thereof for dis- 
play, the exciter portion and the pickup portion may be 
provided on the surface of the card-shaped substrate 
which is not used for display. 
25 [0011] With the former structure, the vibrator portion 
is not located on the front surface of the display portion. 
This helps enhance display quality and make the card- 
type sound apparatus slimmer. With the latter structure, 
it is possible to give the exciter portion and the pickup 
30 portion larger areas and thereby obtain higher sound- 
generation and sound-collection gains without degrad- 
ing display quality. 

[001 2] As the exciter portion, a plurality of exciter por- 
tions may be provided, and, as the pickup portion , a plu- 
35 rality of pickup portions may be provided. With this struc- 
ture, it is possible to obtain increased sound-generation 
and sound-collection gains, achieve stereophonic 
sound reproduction, and realize directivity. The undesir- 
able effects of vibration on the display portion are re- 
40 duced through interference inside the display portion, 
and this helps improve or maintain display quality even 
if the display portion employs a movable material such 
as liquid crystal. 

[0013] The exciter portion may function also as the 
45 pickup portion. This makes it easy to realize both loud- 
speaker and microphone capabilities even in a case 
where a sufficiently large space cannot be secured for 
the exciter portion or the pickup portion. 
[0014] In a case where both a combination of the 
50 sound signal input portion and the sound generation 
portion and a combination of the sound collection por- 
tion and the sound signal output portion are provided, 
these two combinations may be used alternatively so 
that one of them is used at a given time. With this struc- 
55 ture, the card-type sound apparatus can be used as if a 
transceiver. 

[0015] In a case where both a combination of the 
sound signal input portion and the sound generation 
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portion and a combination of the sound collection por- 
tion and the sound signal output portion are provided, 
there may be further provided an inverted-phase signal 
generator portion that inverts the phase of the sound sig- 
nal input to the sound signal input portion to produce an 
inverted-phase signal and a mixer portion that mixes the 
electric signal obtained from thesound collection portion 
with the inverted-phase signal. In this case, the signal 
obtained from the mixer portion is fedto thesound signal 
output portion. With this structure, the card-type sound 
apparatus can be used as if a telephone. 
[0016] In a case where a display portion is provided, 
display operation may be interlocked with sound gener- 
ating operation or sound collecting operation. With this 
structure, it is not necessary to provide functions for con- 
trolling the starting and stopping of a display-related cir- 
cuit block and a sound-related circuit block separately. 
This helps simplify the circuit configuration, prevent fail- 
ure to deactivate the operation of only one of the circuit 
blocks, and reduce electric power consumption. 
[001 7] The exciter portion may be composed of an ex- 
pandable plate that expands and contracts according to 
an electric signal fed thereto, and may be provided di- 
rectly on the vibrator portion. With this structure, it is 
possible to make the card-type sound apparatus slim- 
mer. 

[001 8] The exciter portion may be composed of an ex- 
pandable plate that expands and contracts according to 
an electric signal fed thereto and a vibration transmis- 
sion plate that holds the expandable plate, with the vi- 
bration transmission plate supported partially by making 
direct contact with the vibrator portion and partially by 
lying on a soft material, so soft as not to hamper vibra- 
tion, that fills the gap between the vibration transmission 
plate and the vibrator portion. With this structure, it is 
possible to obtain a higher excitation gain. 
[0019] There may be additionally provided a display- 
related circuit block which comprises an image signal 
input portion to which an image signal is input from out- 
side and a display driver portion that drives the display 
portion according to the image signal input to the image 
signal input portion. In this case, part orthe whole of the 
display-related circuit block is formed directly on a thin- 
film substrate on which the circuit elements of the dis- 
play portion are formed. Alternatively, in addition to the 
part or whole of the display-related circuit block, part or 
the whole of a sound-related circuit block that handles 
a sound signal may be formed directly on the thin-film 
substrate on which the circuit elements of the display 
portion are formed. With these structures, it is possible 
to make the card-type sound apparatus still slimmer and 
more compact. 

[0020] The thin-film substrate on which the circuit el- 
ements of the display portion are formed may be a thin 
film of polycrystalline silicon. The display portion may 
be provided on both surfaces. The display portion may 
be provided on one surface, with an operation portion 
provided on another surface. 



[0021] The display portion may achieve display, for 
example, by using liquid crystal, or by using an EL de- 
vice, or by controlling the states of movable pixel por- 
tions individually between a state in which they reflect 
5 incident light and a state in which they scatter incident 
light, or by FED (field emission display). Adopting any 
of these display types helps make the card-type sound 
apparatus slimmer. 

[0022] In an electronic appliance of any type that han- 
10 dies images and sound, one of the card-type sound ap- 
paratuses structured as described above may be pro- 
vided as a means for inputting or outputting sound or as 
a means for outputting images. This permits the user of 
such an electronic appliance to readily enjoy sound or 
15 images. 

Brief description of drawings 



[0023] 

20 

Fig. 1 is a conceptual diagram of a card-type sound 
apparatus embodying the invention. 
Fig. 2 is a block diagram of the card-type sound ap- 
paratus of a first embodiment of the invention. 

25 Fig. 3 is a block diagram of the card-type sound ap- 
paratus of a second embodiment of the invention. 
Fig. 4 is a block diagram of the card-type sound ap- 
paratus of a third embodiment of the invention. 
Fig. 5 is a block diagram of the card-type sound ap- 

30 paratus of a fourth embodiment of the invention. 

Fig. 6 is a block diagram of the card-type sound ap- 
paratus of a fifth embodiment of the invention. 
Fig. 7 is a block diagram of the card-type sound ap- 
paratus of a sixth embodiment of the invention. 

35 Fig. 8 is a block diagram of the card-type sound ap- 
paratus of a seventh embodiment of the invention. 
Fig. 9 is a flow chart of the operation of the display 
portion deriver portion and the vibrator driver por- 
tion in the seventh embodiment. 

40 Fig. 10 is a sectional view of the display portion, 
when it is of a transmissive liquid crystal display 
type. 

Fig. 11 is a sectional view of the display portion, 
when it is of a reflective liquid crystal display type. 
45 Fig. 12 is a sectional view of the display portion, 
when it is of a type that achieves display by using 
an EL device. 

Fig. 13 is a sectional view of the display portion, 
when it is of a type that achieves display by control- 
50 ling movable pixel portions individually with piezo- 
electric elements or micromachines so as to switch 
their states between a state in which they reflect in- 
cident light and a state in which they scatter incident 
light. 

55 Fig. 14 is a sectional view of the display portion, 
when it is of an FED type. 

Fig. 15 is a diagram showing an example in which 
a card-shaped substrate forming the display portion 
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and a transparent plate serving as the vibrator por- 
tion are bonded together. 

Fig. 16 is a diagram showing an example in which 
the exciter portion, the pickup portion, or the exciter- 
cum-pickup portion is provided in a frame portion of 
the card-shaped substrate forming the display por- 
tion in which no display is performed. 
Fig. 17 is a diagram showing an example in which 
the exciter portion and the pickup portion are pro- 
vided in a frame portion of the card-shaped sub- 
strate forming the display portion in which no dis- 
play is performed. 

Fig. 18 is a diagram showing an example in which 
the exciter portion, the pickup portion, or the exciter- 
cum-pickup portion is provided on that surface of 
the card-shaped substrate forming the display por- 
tion which is not used for display. 
Fig. 19 is a diagram showing an example in which 
a plurality of exciter portions, pickup portions, or ex- 
citer-cum-pickup portions are provided. 
Figs. 20A to 20C are diagrams illustrating where to 
provide the exciter portion, the pickup portion, orthe 
exciter-cum-pickup portion on the display portion. 
Fig. 21 is a diagram showing an example of the 
structure of the sound generation portion and the 
sound collection portion. 

Fig. 22 is a diagram showing another example of 
the structure of the sound generation portion and 
the sound collection portion. 
Fig. 23 is a diagram schematically showing how the 
display-related circuit block is formed on the thin- 
film substrate on which the circuit elements of the 
display portion are formed. 

Fig. 24 is a diagram schematically showing how, in 
addition to the d is pi ay- related circuit block, part of 
the sound-related circuit block that handles sound 
signals is formed on the thin-film substrate on which 
the circuit elements of the display portion are 
formed. 

Fig. 25 is a diagram schematically showing how, in 
addition to the display-related circuit block, the 
whole of the sound-related circuit blockthat handles 
sound signals is formed on the thin-film substrate 
on which the circuit elements of the display portion 
are formed. 

Fig. 26 is a diagram showing a card-type sound ap- 
paratus having a display portion provided on both 
surfaces. 

Fig. 27 is a diagram showing a card-type sound ap- 
paratus having a display portion provided on one 
surface and an operation portion provided on the 
other surface. 

Best mode for carrying out the invention 

[0024] Hereinafter, embodiments of the present in- 
vention will be described with reference to the drawings. 
A card-type sound apparatus embodying the invention, 



as shown in Fig. 1 , which is a conceptual diagram there- 
of, is composed of a card-shaped substrate 1 that has 
a size roughly equal to the size of a common credit card 
or business card and that thus is quite easily portable. 
5 This card-type sound apparatus realizes loudspeaker 
and microphone capabilities by letting the card-shaped 
substrate 1 itself vibrate. 

[0025] Fig. 2 is a blockdiagram of thecard-typesound 
apparatus of a first embodiment of the invention. To a 

10 sound signal input portion 11, a sound signal is input 
from an external apparatus of any type. A vibrator driver 
portion 12 drives an exciter portion 13 with the sound 
signal input to the sound signal input portion 11 . Here, 
if the output signal of the sound signal input portion 11 

15 has a sufficiently high output level to drive the exciter 
portion 13 and is in the form of nothing but a sound sig- 
nal, it is not absolutely necessary to provide the vibrator 
driver portion 12. The exciter portion 13 makes a vibrator 
portion 14 vibrate according to the electric signal with 

20 which the exciter portion 1 3 is driven by the vibrator driv- 
er portion 12. 

[0026] Used as the exciter portion 1 3 is a piezoelectric 
element formed of a crystal of quartz or Rochelle salt or 
a thin ceramic plate. The exciter portion 13 is provided 
25 on a card-shaped substrate 1, and this card-shaped 
substrate 1 serves as the vibrator portion 14. Thus, as 
shown in the conceptual diagram of Fig. 1 , sound is gen- 
erated by letting the card-shaped substrate 1 itself vi- 
brate. 

30 [0027] Fig. 3 is a blockdiagram of thecard-typesound 
apparatus of a second embodiment of the invention. A 
vibrator portion 21 vibrates according to outside sound, 
and a pickup portion 22 converts the vibration of the vi- 
brator portion 21 into an electric signal. A vibrator driver 

35 portion 23 amplifies the electric signal obtained from the 
pickup portion 22. Here, if the output signal of the pickup 
portion 22 has a sufficiently high output level as an elec- 
tric signal, it is not absolutely necessary to provide the 
vibrator driver portion 23. A sound signal output portion 

40 24 outputs the electric signal amplified by the vibrator 
driver portion 23 to an external apparatus of any type. 
[0028] Used as the pickup portion 22 is a piezoelectric 
element formed of a crystal of quartz or Rochelle salt or 
a thin ceramic plate. The pickup portion 22 is provided 

45 on a card-shaped substrate 1, and this card-shaped 
substrate 1 serves as the vibrator portion 21 . Thus, as 
shown in the conceptual diagram of Fig. 1 , sound is col- 
lected by letting the card-shaped substrate 1 itself vi- 
brate. 

50 [0029] Fig. 4 is a blockdiagram of thecard-typesound 
apparatus of a third embodiment of the invention. In the 
third embodiment, an exciter portion is shared as a pick- 
up portion so that the card-type sound apparatus real- 
izes, though selectively, both loudspeaker and micro- 

55 phone capabilities. First, how the individual functional 
units operate when the card-type sound apparatus func- 
tions as a loudspeaker will be described. To a sound sig- 
nal input/output portion 31 , a sound signal is input from 
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an external apparatus of any type. A vibrator driver por- 
tion 32 drives an exciter-cum-pickup portion 33 with the 
sound signal input to the sound signal input/output por- 
tion 31 . The exciter-cum-pickup portion 33 makes a vi- 
brator portion 34 vibrate according to the electric signal 
with which the exciter-cum-pickup portion 33 is driven 
by the vibrator driver portion 32. 
[0030] Next, how the individual functional units oper- 
ate when the card-type sound apparatus functions as a 
microphone will be described. The vibrator portion 34 
vibrates according to outside sound, and the exciter- 
cum-pickup portion 33 converts the vibration of the vi- 
brator portion 34 into an electric signal. The vibrator driv- 
er portion 32 amplifies the electric signal obtained from 
the exciter-cum-pickup portion 33. The sound signal in- 
put/output portion 31 outputs the electric signal ampli- 
fied by the vibrator driver portion 32 to an external ap- 
paratus of any type. 

[0031] Here, it is not absolutely necessary to provide 
the vibrator driver portion 32, as already described in 
connection with the first and second embodiments. 
[0032] Used as the exciter-cum-pickup portion 33 is 
a piezoelectric element formed of a crystal of quartz or 
Rochelle salt or a thin ceramic plate. The exciter-cum- 
pickup portion 33 is provided on a card-shaped sub- 
strate 1 , and this card-shaped substrate 1 serves as the 
vibrator portion 34. Thus, as shown in the conceptual 
diagram of Fig. 1 , sound is generated and collected by 
letting the card-shaped substrate 1 itself vibrate. 
[0033] In thethird embodiment, since the vibrator por- 
tion is so structured as to function also as the pickup 
portion, it is easy to realize both loudspeaker and micro- 
phonefunctions even when a large space cannot be se- 
cured for the exciter portion or the pickup portion. 
[0034] Fig. 5 is a block diagram of the card-type sound 
apparatus of a fourth embodiment of the invention. In 
the fourth embodiment, an exciter portion and a pickup 
portion are provided separately so that the card-type 
sound apparatus realizes, though selectively, both loud- 
speaker and microphone capabilities. First, how the in- 
dividual functional units operate when the card-type 
sound apparatus functions as a loudspeaker will be de- 
scribed. To a sound signal input/output portion 41, a 
sound signal is input from an external apparatus of any 
type. Switches 46-1 and 46-2 are turned to the position 
for an exciter portion 43, and thus a vibrator driver por- 
tion 42 drives the exciter portion 43 with the sound signal 
input to the sound signal input/output portion 41. The 
exciter portion 43 makes a vibrator portion 45 vibrate 
according to the electric signal with which the exciter 
portion 43 is driven by the vibrator driver portion 42. 
[0035] Next, how the individual functional units oper- 
ate when the card-type sound apparatus functions as a 
microphone will be described. Switches 46-1 and 46-2 
are turned to the position for a pickup portion 44, and 
thus the pickup portion 44 converts the vibration of the 
vibrator portion 45, which vibrates according to outside 
sound, into an electric signal. The electric signal ob- 



tained from the pickup portion 44 is amplified by the vi- 
brator driver portion 42, and is then output to an external 
apparatus of any type by the sound signal input/output 
portion 41 . 

5 [0036] Here, it is not absolutely necessary to provide 
the vibrator driver portion 42, as already described in 
connection with the first and second embodiments. 
[0037] Used as each of the exciter portion 43 and the 
pickup portion 44 is a piezoelectric element formed of a 

10 crystal of quartz or Rochelle salt or a thin ceramic plate. 
The exciter portion 43 and the pickup portion 44 are pro- 
vided on a card-shaped substrate 1, and this card- 
shaped substrate 1 serves as the vibrator portion 45. 
Thus, as shown in the conceptual diagram of Fig. 1, 

15 sound is generated and collected by letting the card- 
shaped substrate 1 itself vibrate. 
[0038] As described above, in the third and fourth em- 
bodiments, loudspeaker and microphone capabilities 
are used alternatively. This makes it possible to achieve 

20 half-duplex communication as achieved by, for exam- 
ple, a transceiver. 

[0039] Fig. 6 is a block diagram of the card-type sound 
apparatus of a fifth embodiment of the invention. In the 
fifth embodiment, an exciter portion 53 and a pickup por- 

25 tion 55 are provided separately so that the card-type 
sound apparatus realizes both loudspeaker and micro- 
phone capabilities simultaneously. A sound signal input 
to a sound signal input/output portion 51 is fed to a vi- 
brator driver portion 52. In the vibrator driver portion 52, 

30 the sound signal is, on one hand, power-amplified by a 
power amplifier portion 52A and then fed to an exciter 
portion 53, and, on the other hand, fed to an inverted- 
signal generator portion 52B. The inverted-signal gen- 
erator portion 52B inverts the phase of the sound signal 

35 input to the sound signal input/output portion 51 to pro- 
duce an inverted-phase signal. The exciter portion 53 
makes a vibrator portion 54 vibrate according to the 
electric signal fed from the power amplifier portion 52A 
of the vibrator driver portion 52. 

40 [0040] A pickup portion 55 converts the vibration of 
the vibrator portion 54 into an electric signal. In the vi- 
brator driver portion 52, the electric signal obtained from 
the pickup portion 55 is power-amplified by a power am- 
plifier portion 52C by a previously measured fixed am- 

45 plification factor in such a way that the level of the gen- 
erated sound signal component is equal to that of the 
inverted-phase signal obtained from the inverted-signal 
generator portion 52B, and is then fed to a mixer portion 
52D. The mixer portion 52D adds together the electric 

50 signal obtained from the pickup portion 55 and fed from 
the power amplifier portion 52C and the inverted-phase 
signal produced by the inverted-signal generator portion 
52B, and outputs the sum. In this way, it is possible to 
eliminate, from the signal output from the pickup portion 

55 55, the component resulting from the vibration of the vi- 
brator portion 54 ascribable to the exciter portion 53. 
The signal outputfrom the mixer portion 52D is amplified 
by a power amplifier portion 52E so as to have a suffi- 
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ciently high output power, and is then fed to a sound 
signal output portion 56. The sound signal output portion 
56 outputs the signal fed from the power amplifier por- 
tion 52E of the vibrator driver portion 52 to an external 
apparatus of any type. 

[0041] As described above, in the fifth embodiment, 
the card-type sound apparatus collects sound while 
eliminating the sound that it itself generates. This makes 
it possible to achieve full-duplex communication as 
achieved by a telephone. Used as each of the exciter 
portion 53 and the pickup portion 55 is a piezoelectric 
element formed of a crystal of quartz or Rochelle salt or 
a thin ceramic plate. The exciter portion 53 and the pick- 
up portion 55 are provided on a card-shaped substrate 
1 , and this card-shaped substrate 1 serves as the vibra- 
tor portion 54. Thus, as shown in the conceptual dia- 
gram of Fig. 1 , sound is generated and collected by let- 
ting the card-shaped substrate 1 itself vibrate. 
[0042] Fig. 7 is a block diagram of the card-type sound 
apparatus of a sixth embodiment of the invention. The 
sixth embodiment is obtained by providing the first em- 
bodiment described earlier additionally with a display- 
related circuit block, which is composed of an image sig- 
nal input portion 61 and a display driver portion 62, and 
a display portion 63. These additionally provided func- 
tional units will be described. It is to be noted that, other 
than the first embodiment, any of the already described 
embodiments shown in Figs. 3, 4, 5, and 6 may also be 
further provided with an image signal input portion 61 , 
a display driver portion 62, and a display portion 63. 
[0043] To the image signal input portion 61 , an image 
signal is input from an external apparatus of any type. 
The display driver portion 62 drives the display portion 
63 according to the image signal input to the image sig- 
nal input portion 61 . As a result, images from the exter- 
nal apparatus are reproduced in the display portion 63. 
Here, a card-shaped substrate 1 as shown in Fig. 1 
forms the display portion 63. 

[0044] Fig. 8 is a block diagram of the card-type sound 
apparatus of a seventh embodiment of the invention. 
The seventh embodiment is obtained by modifying the 
sixth embodiment described above in such a way that 
the display driver portion 62 controls the operation of the 
vibrator driver portion 12. The operation of the display 
driver portion 62 will be described with reference to a 
flow chart shown in Fig. 9. First, initialization is per- 
formed, and a standby state is maintained until an image 
signal is input (F in #1 01). When an image signal is input 
(T in #101), the display driver portion 62 feeds the vibra- 
tor driver portion 12 with a reset signal (#102). Next, the 
display driver portion 62 starts operating (#103), and 
starts display. Thereafter, when the input of the image 
signal is cut off (T in #1 04), the display driver portion 62 
feeds the vibrator driver portion 12 with a mute signal 
(#105), and the display driver portion 62 goes into a 
standby state (#106). 

[0045] The operation of the vibrator driver portion 12 
will be described with reference to the flow chart shown 



in Fig. 9. First, initialization is performed, and a standby 
state is maintained until a reset signal from the display 
driver portion 62 is detected (F in #201). When a reset 
signal from the display driver portion 62 is detected (T 

5 in #201), the vibrator driver portion 12 starts operating 
(#202), and starts generating sound. Thereafter, when 
a mute signal from the display driver portion 62 is de- 
tected (T in #203), the vibrator driver portion 12 goes 
into a standby state (#204). 

10 [0046] With the display driver portion 62 and the vi- 
brator driver portion 23 operating as described above, 
in the seventh embodiment, when the display driver por- 
tion 62 is started or stopped, the vibrator driver portion 
1 2 is started and stopped, respectively, in an interlocked 

15 manner. That is, when display is started or stopped, 
sound generation is started or stopped, respectively, in 
an interlocked manner. This eliminates the need to pro- 
vide the sound-related circuit block with functions for 
controlling the starting and stopping thereof, and thus 

20 contributes to simplification of the circuit configuration, 
prevention of failure to turn off the sound-related circuit 
block, reduction of electric power consumption, etc. 
[0047] In the example described above, the display- 
related circuit block controls the sound-related circuit 

25 block. It is also possible, however, to make the sound- 
related circuit block control the d is pi ay- related circuit 
block so that, specifically, when sound generation is 
started or stopped, display is started or stopped, respec- 
tively, in an interlocked manner. In a structure realized 

30 by adding an image signal input portion 61, a display 
driver portion 62, and a display portion 63 to an embod- 
iment provided with microphone capability, it is possible 
to likewise perform display and sound collection in an 
interlocked manner. 

35 [0048] Interlocked control may be performed also in 
such a way that, when display is started, sound output 
is suppressed. This permits the card-type sound appa- 
ratus to operate in such a way that, when put away in a 
pocked or bag, it gives an indication with sound and, 

40 once taken out of the pocked or bag, now that the user 
can view the display, it automatically stops unnecessary 
sound. 

[0049] Here, as the display portion 63, it is possible 
to adopt one of the following display types. One display 

45 type achieves display by using liquid crystal. A display 
type using liquid crystal may be transmissive or reflec- 
tive. The transmissive type, as shown in Fig 10, which 
is a sectional view of a typical structure thereof, requires 
a backlight, and is thus disadvantageous from the view- 

50 point of the thickness of the card-type sound apparatus, 
but is excellent in color reproducibility and contrast ratio. 
[0050] On the other hand, the reflective type, as 
shown in Fig. 11 , which is a sectional view of a typical 
structure thereof, requires only the thickness of two 

55 glass substrates, and thus helps make the card-type 
sound apparatus slim. Using ferroelectric liquid crystal 
as the liquid crystal material makes it possible to hold 
the displayed data, and thus helps reduce electric power 
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consumption when still pictures are displayed. 
[0051 ] Another display type achieves display by using 
an EL (electroluminescence) device. This type, as 
shown in Fig. 12, which is a sectional view of a typical 
structure thereof, requires only one glass substrate, and 
thus helps make the card-type sound apparatus slimmer 
than by the above-described type using liquid crystal. 
Using a solid-phase EL device, which is resistantto son- 
ic vibration, helps reduce the undesirable effects of vi- 
bration on display quality even when sound is generated 
or collected by letting the display portion itself vibrate. 
[0052] Still another display type achieves display by 
controlling movable pixel portions individually with pie- 
zoelectric elements or micromachines so as to switch 
their states between a state in which they reflect incident 
light and a state in which they scatter incident light. This 
type, as shown in Fig. 1 3, which is a sectional view of a 
typical structure thereof, requires substantially only the 
thickness of a light guide plate for controlling incident 
light plus a thin substrate of actuator elements, and is 
thus expected to make the card-type sound apparatus 
slimmer than by the above-described type using liquid 
crystal. 

[0053] A further display type is FED (field emission 
display). The FED type typically has a sectional struc- 
ture as shown in Fig. 1 4, uses self-generated light, offers 
high contrast ratio and color reproducibility, and is con- 
sidered to offer better display quality than obtained by 
the display type using an EL device. Moreover, this dis- 
play type is based basically on the same principle as a 
cold cathode tube, and therefore it offers a longer light 
emission life, resulting in a far longer life time than 
achieved by the display type using an EL device. 
[0054] Here, in an embodiment in which a card- 
shaped substrate 1 forms a display portion 63, as shown 
in Fig. 15, it is possible to adopt a structure in which a 
transparent plate 2 serving as a vibrator portion is inte- 
grally bonded to the card-shaped substrate 1 parallel to 
the surface thereof on which display is performed. With 
this structure, display, sound generation , and sound col- 
lection are performed on the same surface. 
[0055] Instead, a flat plate serving as a vibrator por- 
tion may be integrally bonded to the surface of a card- 
shaped substrate on which no display is performed. 
With this structure, the vibrator portion is not located on 
the front surface of the display portion. This helps en- 
hance display quality. 

[0056] As shown in Figs. 1 6 and 1 7, an exciter portion 
3-1 , a pickup portion 3-2, or an exciter-cum-pickup por- 
tion 3-3 may be provided in a frame portion of a card- 
shaped substrate 1 forming a display portion 63 in which 
no display is performed so that the card-shaped sub- 
strate 1 itself serves as a vibrator portion. With this struc- 
ture, the vibrator portion is not located on the front sur- 
face of the display portion 63. This helps obtain better 
display quality and make the card-type sound apparatus 
slimmer than with the structure shown in Fig. 15. 
[0057] Fig. 16 corresponds to an embodiment in 



which one of an exciter portion, a pickup portion, and an 
exciter-cum-pickup portion is provided, and Fig. 17 cor- 
responds to an embodiment in which both an exciter 
portion and a pickup portion are provided. 

5 [0058] In a case where the display portion 63 is, for 
example, of a reflective liquid crystal display type and is 
therefore of a type does not use one surface thereof, as 
shown in Fig. 1 8, an exciter portion 3-1 , a pickup portion 
3-2, or an exciter-cum-pickup portion 3-3 may be pro- 

10 vided on the surface (the reverse surface in Fig. 18) of 
a card-shaped substrate 1 forming the display portion 
63 which is not used for display. With this structure, it is 
possible to give the exciter portion, the pickup portion, 
or the exciter-cum-pickup portion 3-3 a larger area and 

15 thereby obtain a higher sound-generation or sound-col- 
lection gain without degrading display quality. 
[0059] As shown in Fig. 19, a plurality of exciter por- 
tions 3-1, pickup portions 3-2, or exciter-cum-pickup 
portions 3-3 may be provided. With this structure, it is 

20 possible to obtain increased sound-generation and 
sound-collection gains, achieve stereophonic sound re- 
production, and realize directivity. Moreover, the unde- 
sirable effects of vibration on the display portion are ex- 
pected to be reduced through interference inside the 

25 display portion. Thus, even if the display portion em- 
ploys a movable material such as liquid crystal, the 
aforementioned interference inside the display portion 
reduces the disturbance of liquid crystal alignment, and 
this helps improve or maintain display quality. In Fig. 19, 

30 two exciter portions 3-1 , pickup portions 3-2, or exciter- 
cum-pickup portions 3-3 are provided so as to face each 
other across the display portion 63. There are, however, 
no particular restrictions on where to provide them and 
how many of them. 

35 [0060] When the display portion is of a liquid crystal 
display type, as shown in Fig. 20, which is a sectional 
view thereof, a liquid crystal layer 202 is sandwiched be- 
tween two substrates 201-1 and 201-2 of glass or the 
like. In the examples described thus far, an exciter por- 

40 tion 3-1 , pickup portion 3-2, or exciter-cum-pickup por- 
tion 3-3 is provided on the top surface of the upper glass 
substrate 202-1 as shown in Fig. 20A, or on the bottom 
surface of the lower glass substrate 202-2 as shown in 
Fig. 20B. However, in a case where, as shown in Fig. 

45 20C, one substrate 201 -2 is longer than the other sub- 
strate 201 -1 to provide terminals 203 of a circuit formed 
on a thin-film substrate of silicon or the like that is in- 
cluded in the liquid crystal layer 202, an exciter portion 
3-1 , pickup portion 3-2, or exciter-cum-pickup portion 

50 3-3 may be provided around where the terminals 203 
are provided on the substrate 201 -2. By combining this 
structure with any of the structures shown in Figs. 16, 
17, 18, and 1 9, it is possible to make the card-type sound 
apparatus still slimmer. 

55 [0061] Here, as shown in a sectional view in Fig. 21 , 
it is possible to adopt a structure in which an expandable 
plate 4 formed of ceramic or the like which forms an ex- 
citer portion, pickup portion, or exciter-cum-pickup por- 
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tion is provided directly on a vibrator portion 5 (for ex- 
ample, a substrate of glass orthe I ike that forms the dis- 
play portion) so that sound is generated or collected by 
direct use of the difference in piezoelectric displacement 
between the expandable plate 4 and the vibrator portion 
5. With this structure, it is possible to reduce the thick- 
ness of the card-type sound apparatus. 
[0062] Alternatively, as shown in a sectional view in 
Fig. 22, it is possible to adopt a structure in which an 
expandable plate 4 is provided on a vibration transmis- 
sion plate 7, such as a metal plate, that is supported 
partially by making direct contact with a vibrator portion 

5 and partially by lying on a soft material 6, so soft as 
not to hamper vibration, filling the gap between the vi- 
bration transmission plate 7 and the vibrator portion 5. 
In this structure, the vibration energy generated by the 
use of the difference in displacement between the ex- 
pandable plate 4 and the vibration transmission plate 7 
is transmitted via a vibration energy transmission point 
(indicated by P in Fig. 22) to the vibrator portion 5, and 
thereby sound is generated. With this structure, it is pos- 
sible to obtain higher sound-generation and sound-col- 
lection gains. 

[0063] The portion around where the vibration trans- 
mission plate 7 makes direct contact with the vibrator 
portion 5 is not filled by the soft material 6, and this en- 
sures efficient transmission of the vibration energy. 
From the viewpoint of enhancing the sound-generation 
and sound-collection gains, it is desirableto give as wide 
an area as possible to the lightweight portion of the vi- 
bration transmission plate 7 that does not make direct 
contact with the vibrator portion 5. Even when the por- 
tion of the vibration transmission plate 7 that makes di- 
rect contact with the vibrator portion 5 is made smaller 
to enhance the sound-generation and sound-collection 
gains, filling the gap between the vibration transmission 
plate 7 and the vibrator portion 5 with the soft material 

6 helps secure satisfactory strength against external 
force. 

[0064] In a case where both a display-related circuit 
block (an image signal input portion 61 and a display 
driver portion 62) and a display portion 63 are provided, 
as schematically shown in Fig. 23, the display-related 
circuit block may be formed directly on a thin-film sub- 
strate 63A on which the circuit elements of the display 
portion 63 are formed (i.e., when the display portion 63 
is of a liquid crystal display type, the substrate that is 
included in the liquid crystal layer shown in Figs. 8 and 
9 and on which TFTs (thin-film transistors) and the like 
are formed). In Fig. 23, the whole of the display-related 
circuit block is formed directly on the thin-film substrate 
63A forming the display portion 63; it is possible, how- 
ever, to form only part of the former directly on the latter. 
[0065] Used as the thin-film substrate 63A is, for ex- 
ample, a thin film of polycrystalline silicon. Using con- 
tinuous grain silicon in particular makes it possible to 
form a larger number of circuit elements. 
[0066] As schematically shown in Figs. 24 and 25, in 



addition to the display-related circuit block, part orthe 
whole of a sound-related circuit block that handles 
sound signals (specifically, a sound signal input portion, 
a sound signal output portion, a sound signal input/out- 

5 put portion, and a vibrator driver portion) may be formed 
directly on the thin-film substrate 63A on which the cir- 
cuit elements of the display portion 63 are formed. 
[0067] A circuit block, like the vibrator driver portion 
shown in Fig. 24, that is not formed directly on the thin- 

10 film substrate 63A on which the circuit elements of the 
display portion 63 are formed may be formed on a sep- 
arate substrate, which is then mounted in a frame por- 
tion on the display portion 63, or may be formed as a 
bear chip, which is then mounted in a frame portion on 

15 the display portion 63. 

[0068] The embodiments described hereinbefore all 
deal with cases in which a display portion is provided on 
one surface only. It is possible, however, to produce, as 
shown in Fig. 26, a card-type sound apparatus 1 0 hav- 

20 jng display portions 63 on both surfaces as by bonding 
together two card-shaped substrates each forming a 
display portion. In this case, both surfaces may be pro- 
vided with loudspeaker capability, or microphone capa- 
bility, or both; only one surface may be provided with 

25 loudspeaker capability, or microphone capability, or 
both ; the two surfaces may be provided with loudspeak- 
er and microphone capabilities respectively; at least one 
surface may be provided with loudspeaker capability, or 
microphone capability, or both. In any of the embodi- 

30 ments described hereinbefore, as shown in Fig. 27, the 
card-type sound apparatus 20 may have a display por- 
tion 63 provided on one surface and an operation portion 
71 , to be operated by the user, formed on the other sur- 
face. 

35 [0069] In any of the embodiments described herein- 
before, exchange of signals with an external apparatus 
may be achieved through a wired or wireless interface; 
the exchanged signals may be baseband signals or 
modulated signals. 

40 [0070] In an electronic appliance of any type that han- 
dles images and sound, such as a television monitor, a 
cellular phone, a photo stand, or a character-recognition 
and text-reading machine, one of the card-type sound 
apparatuses of the embodiments described hereinbe- 

45 fore may be provided as a means for inputting or out- 
putting sound or as a means for outputting images. This 
permits the user of such an electronic appliance to read- 
ily enjoy sound or images. 



[0071] As described above, according to the present 
invention, a card-type sound apparatus is provided with 
loudspeaker capability, or microphone capability, or 
55 both, and thus permits its user to readily enjoy sound. 
[0072] According to the present invention, a card-type 
sound apparatus is provided not only with loudspeaker 
capability, or microphone capability, or both but also with 
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image display capability, and thus permits its user to 
readily enjoy sound and images. Thus, the card-type 
sound apparatus permits images to be enjoyed together 
with the sound accompanying them. 
[0073] According to the present invention, by achiev- 
ing sound generation or sound collection by letting a 
card-shaped substrate itself, which serves as the body 
of the card-type sound apparatus, vibrate, it is possible 
to make the card-type sound apparatus slim and com- 
pact easily. 

[0074] According to the present invention, in a case 
where the card-shaped substrate forms a display por- 
tion, by arranging a vibrator portion parallel to the sur- 
face of the card-shaped substrate on which display is 
performed, it is possible to perform display, sound gen- 
eration, and sound collection on the same surface. 
[0075] According to the present invention, in a case 
where the card-shaped substrate forms a display por- 
tion, by providing an exciter portion or a pickup portion 
in a frame portion of the card-shaped substrate in which 
no display is performed, it is possible to enhance display 
quality and make the card-type sound apparatus slim- 
mer. 

[0076] According to the present invention, in a case 
where the card-shaped substrate that forms a display 
portion is of a type that does not use one surface thereof 
for display, by providing an exciter portion or a pickup 
portion on the surface of the card-shaped substrate 
which is not used for display, it is possible to give the 
exciter portion or the pickup portion a larger area and 
thereby obtain a higher sound-generation or sound-col- 
lection gain without degrading display quality. 
[0077] According to the present invention, by provid- 
ing a plurality of exciter portions and a plurality of pickup 
portions, it is possible to obtain increased sound-gener- 
ation and sound-collection gains, achieve stereophonic 
sound reproduction, and realize directivity. Moreover, 
the undesirable effects of vibration on the display portion 
are reduced through interference inside the display por- 
tion, and this helps improve or maintain display quality 
even if the display portion employs a movable material 
such as liquid crystal. 

[0078] According to the present invention, sharing the 
exciter portion as the pickup portion makes it easy to 
realize both loudspeaker and microphone capabilities 
even in a case where a sufficiently large space cannot 
be secured for the exciter portion or the pickup portion. 
[0079] According to the present invention, in a case 
where both a combination of a sound signal input portion 
and a sound generation portion and a combination of a 
sound collection portion and a sound signal output por- 
tion are provided, by using those two combinations al- 
ternatively so that one of them is used at a given time, 
it is possible to use the card-type sound apparatus as if 
it is a transceiver. 

[0080] According to the present invention, in a case 
where both a combination of a sound signal input portion 
and a sound generation portion and a combination of a 



sound collection portion and a sound signal output por- 
tion are provided, by furtherproviding an inverted-phase 
signal generator portion that inverts the phase of the 
sound signal input to the sound signal input portion to 
5 produce an inverted-phase signal and a mixer portion 
that mixes the electric signal obtained from the sound 
collection portion with the inverted-phase signal, and 
feeding the signal obtained from the mixer portion to the 
sound signal output portion, it is possibleto usethecard- 
10 type sound apparatus as if it is a telephone. 

[0081] According to the present invention, interlock- 
ing display operation with sound generating operation 
or sound collecting operation makes it unnecessary to 
provide functions for controlling the starting and stop- 
's ping of a display-related circuit block and a sound-relat- 
ed circuit block separately. This helps simplify the circuit 
configuration, prevent failure to turn off the operation of 
only one of the circuit blocks, and reduce electric power 
consumption. 

20 [0082] According to the present invention, by using as 
the exciter portion an expandable plate that expands 
and contracts according to an electric signal fed thereto 
and providing it directly on the vibrator portion, it is pos- 
sible to make the card-type sound apparatus slimmer. 

25 [0083] According to the present invention, by using as 
the exciter portion an expandable plate that expands 
and contracts according to an electric signal fed thereto 
in combination with a vibration transmission plate that 
holds the expandable plate, and supporting the vibration 

30 transmission plate partially by keeping it in direct contact 
with the vibrator portion and partially by laying it on a 
soft material, so soft as not to hamper vibration, that fills 
the gap between the vibration transmission plate and 
the vibrator portion, it is possible to obtain a higher ex- 

35 citation gain. 

[0084] According to the present invention, by forming 
part or the whole of a display-related circuit block or a 
sound-related circuit block directly on a thin-film sub- 
strate forming a display portion, it is possible to make 

40 the card-type sound apparatus still slimmer and more 
compact. 



Claims 

45 

1. A card-type sound apparatus comprising a sound 
signal input portion to which a sound signal is input 
from outside and a sound generation portion that 
generates sound according to the sound signal in- 

50 put to the sound signal input portion, wherein the 
soundsignal input portion andthesound generation 
portion are provided on a card-shaped substrate. 

2. A card-type sound apparatus as claimed in claim 1 , 
55 wherein sound is generated by letting the card- 
shaped substrate itself vibrate. 

3. A card-type sound apparatus as claimed in claim 2, 
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wherein the sound generation portion comprises a 
vibrator portion and an exciter portion that makes 
the vibrator portion vibrate according to the sound 
signal input to the sound signal input portion, and 
the card-shaped substrate serves as the vibrator. 5 

4. A card-type sound apparatus as claimed in claim 2, 
wherein the sound generation portion comprises a 
vibrator portion and an exciter portion that makes 

the vibrator portion vibrate according to the sound 10 
signal input to the sound signal input portion, and 
the card-shaped substrate forms a display portion, 
with the vibrator portion arranged parallel to a sur- 
face of the card-shaped substrate on which display 
is performed. 15 

5. A card-type sound apparatus as claimed in claim 2, 
wherein the sound generation portion comprises a 
vibrator portion and an exciter portion that makes 

the vibrator portion vibrate according to the sound 20 
signal input to the sound signal input portion, and 
the card-shaped substrate serves as the vibrator 
and also forms a display portion. 

6. A card-type sound apparatus as claimed in claim 5, 25 
wherein the exciter portion is provided in a frame 
portion of the card-shaped substrate in which no 
display is performed. 

7. A card-type sound apparatus as claimed in claim 5, 30 
wherein the card-shaped substrate is of a type that 
does not use one surface thereof for display, and 

the exciter portion is provided on the surface of the 
card-shaped substrate which is not used for display. 

35 

8. A card-type sound apparatus as claimed in one of 
claims 3 to 7, wherein, as the exciter portion, a plu- 
rality of exciter portions are provided. 

9. A card-type sound apparatus comprising a sound 40 
collection portion that collects sound from outside 
and converts the sound into an electric signal and 

a sound signal output portion that outputs to outside 
the electric signal obtained from the sound collec- 
tion portion, wherein the sound collection portion 45 
and the sound signal output portion are provided on 
a card-shaped substrate. 

10. A card-type sound apparatus as claimed in claim 9, 
wherein sound is collected by letting the card- 50 
shaped substrate itself vibrate. 

11. A card-type sound apparatus as claimed in claim 
1 0, wherein the sound collection portion comprises 

a vibrator portion and a pickup portion that converts 55 
vibration of the vibrator portion into an electric signal 
and feeds the electric signal to the sound signal out- 
put portion, and the card-type substrate serves as 



the vibrator portion. 

12. A card-type sound apparatus as claimed in claim 
1 0, wherein the sound collection portion comprises 
a vibrator portion and a pickup portion that converts 
vibration of the vibrator portion into an electric signal 
and feeds the electric signal to the sound signal out- 
put portion, and the card-shaped substrate forms a 
display portion, with the vibrator portion arranged 
parallel to a surface of the card-shaped substrate 
on which display is performed. 

13. A card-type sound apparatus as claimed in claim 
1 0, wherein the sound collection portion comprises 
a vibrator portion and a pickup portion that converts 
vibration of the vibrator portion into an electricsignal 
and feeds the electric signal to the sound signal out- 
put portion, and the card-shaped substrate serves 
as the vibrator and also forms a display portion. 

14. A card-type sound apparatus as claimed in claim 
13, wherein the pickup portion is provided in a frame 
portion of the card-shaped substrate in which no 
display is performed. 

15. A card-type sound apparatus as claimed in claim 
13, wherein the card-shaped substrate is of a type 
that does not use one surface thereof for display, 
and the pickup portion is provided on the surface of 
the card-shaped substrate which is not used for dis- 
play. 

16. A card-type sound apparatus as claimed in one of 
claims 11 to 15, wherein, as the pickup portion, a 
plurality of pickup portions are provided. 

17. A card-type sound apparatus comprising a sound 
signal input portion to which a sound signal is input 
from outside, a sound generation portion that gen- 
erates sound according to the sound signal input to 
the sound signal input portion, a sound collection 
portion that collects sound from outside and con- 
verts the sound into an electric signal, and a sound 
signal output portion that outputs to outside the 
electric signal obtained from the sound collection 
portion, wherein the sound signal input portion, the 
sound generation portion, the sound collection por- 
tion, and the sound signal output portion are provid- 
ed on a card-shaped substrate. 

18. A card-type sound apparatus as claimed in claim 

1 7, wherein sound is generated and collected by let- 
ting the card-shaped substrate itself vibrate. 

19. A card-type sound apparatus as claimed in claim 

18, wherein the sound generation portion compris- 
es a vibrator portion and an exciter portion that 
makes the vibrator portion vibrate according to the 
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the sound signal input portion and the sound gen- 
eration portion and a combination of the sound col- 
lection portion and the sound signal output portion 
is used alternatively at a time. 



sound signal input to the sound signal input portion, 
the sound collection portion comprises the vibrator 
portion and a pickup portion that converts vibration 
of the vibrator portion into an electric signal and 
feeds the electric signal to the sound signal output 5 
portion, and the card-shaped substrate serves as 27. 
the vibrator. 



20. A card-type sound apparatus as claimed in claim 
18, wherein the sound generation portion compris- 
es a vibrator portion and an exciter portion that 
makes the vibrator portion vibrate according to the 
sound signal input to the sound signal input portion, 
the sound collection portion comprises the vibrator 
portion and a pickup portion that converts vibration 
of the vibrator portion into an electric signal and 
feeds the electric signal to the sound signal output 
portion, and the card-shaped substrate forms a dis- 
play portion, with the vibrator portion arranged par- 
allel to a surface of the card-shaped substrate on 
which display is performed. 

21. A card-type sound apparatus as claimed in claim 
18, wherein the sound generation portion compris- 
es a vibrator portion and an exciter portion that 
makes the vibrator portion vibrate according to the 
sound signal input to the sound signal input portion, 
the sound collection portion comprises the vibrator 
portion and a pickup portion that converts vibration 
of the vibrator portion into an electric signal and 
feeds the electric signal to the sound signal output 
portion, and the card-shaped substrate serves as 
the vibrator and also forms a display portion. 

22. A card-type sound apparatus as claimed in claim 
21 , wherein the exciter portion or the pickup portion 
is provided in a frame portion of the card-shaped 
substrate in which no display is performed. 

23. A card-type sound apparatus as claimed in claim 
21 , wherein the card-shaped substrate is of a type 
that does not use one surface thereof for display, 
and the exciter portion and the pickup portion are 
provided on the surface of the card-shaped sub- 
strate which is not used for display. 

24. A card-type sound apparatus as claimed in one of 
claims 19 to 23, wherein, as the exciter portion, a 
plurality of exciter portions are provided and, as the 
pickup portion, a plurality of pickup portions are pro- 
vided. 

25. A card-type sound apparatus as claimed in one of 
claims 19 to 23, wherein the exciter portion func- 
tions also as the pickup portion. 

26. A card-type sound apparatus as claimed in one of 
claims 17 to 23, wherein one of a combination of 



A card-type sound apparatus as claimed in one of 
claims 17 to 23, further comprising an inverted- 
phase signal generator portion that inverts a phase 
of the sound signal input to the sound signal input 
10 portion to produce an inverted-phase signal and a 
mixer portion that mixes the electric signal obtained 
from the sound collection portion with the inverted- 
phase signal, wherein a signal obtained from the 
mixer portion is fed to the sound signal output por- 
15 tion. 

28. A card-type sound apparatus as claimed in one of 
claims 17 to 23, wherein display operation is inter- 
locked with sound generating operation or sound 

20 collecting operation. 

29. A card-type sound apparatus as claimed in one of 
claims 3 to 7 and 1 9 to 23, wherein the exciter por- 
tion comprises an expandable plate that expands 

25 and contracts according to an electric signal fed 
thereto, and is provided directly on the vibrator por- 
tion. 

30. A card-type sound apparatus as claimed in one of 
30 claims 3 to 7 and 1 9 to 23, wherein the exciter por- 
tion comprises an expandable plate that expands 
and contracts according to an electric signal fed 
thereto and a vibration transmission plate that holds 
the expandable plate, and the vibration transmis- 

35 sion plate is supported partially by making direct 
contact with the vibrator portion and partially by ly- 
ing on a soft material, so soft as not to hamper vi- 
bration, that fills a gap between the vibration trans- 
mission plate and the vibrator portion. 

40 

31. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, further com- 
prising a display-related circuit block which com- 
prises an image signal input portion to which an im- 

45 age signal is input from outside and a display driver 
portion that drives the display portion according to 
the image signal inputtothe image signal input por- 
tion, wherein part or a whole of the display-related 
circuit block is formed directly on a thin-film sub- 
50 strate on which circuit elements of the display por- 
tion are formed. 

32. A card-type sound apparatus as claimed in claim 
31 , wherein, in addition to the part or whole of the 

55 display-related circuit block, part or a whole of a 
sound-related circuit block that handles a sound 
signal is formed directly on the thin-film substrate 
on which the circuit elements of the display portion 
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are formed. 

33. A card-type sound apparatus as claimed in claim 
31 , wherein the thin-film substrate on which the cir- 
cuit elements of the display portion are formed is a 5 
thin film of polycrystalline silicon. 

34. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 
display portion is provided on both surfaces. 10 

35. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 
display portion is provided on one surface, and an 
operation portion is provided on another surface. 15 

36. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 
display portion achieves display by using liquid 
crystal. 20 

37. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 
display portion achieves display by using an EL de- 
vice. 25 

38. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 
display portion achieves display by controlling 
states of individual movable pixel portions individu- 30 
ally between a state in which they reflect incident 
light and a state in which they scatter incident light. 

39. A card-type sound apparatus as claimed in one of 
claims 4 to 7, 12 to 15, and 20 to 23, wherein the 35 
display portion achieves display by FED (field emis- 
sion display). 

40. An electronic appliance comprising a card-type 
sound apparatus as claimed in one of claims 4 to 7, 40 
12 to 15, and 20 to 23. 



45 



50 



55 



EP 1 475 988 A1 



FIG.1 



EP 1 475 988 A1 



FIG.2 



13 



SOUND SIGNAL 
INPUT PORTION 



-5» 



VIBRATOR 
DRIVER 
PORTION 



EXCITER 
PORTION 



VIBRATOR 
PORTION 



FIG.3 



24 

1 



SOUND SIGNAL 
OUTPUT PORTION 



23 



22 



VIBRATOR 
DRIVER 
PORTION 



PICKUP 
PORTION 



V I BRATOR 
PORTION 



FIG.4 



31 

) 



32 



33 



34 



SOUND SIGNAL 




VIBRATOR 




EXCITER- 




VIBRATOR 
PORTION 


INPUT/OUTPUT 




DRIVER 




CUM-PIKUP 




PORTION 




PORTION 




PORTION 





14 



EP 1 475 988 A1 




cn ^ 




lu c: 


> 


i 




— i — - 


o cn 


X o 


LU Q. 





7F 



Csi 



cn 

I — LU _ 

<c > rz 
cn — Jr; 

2§P 



LO 

O 

LL 



— I f— 

-< ZD 




Z CL. 




e? i — 




ID 


o 


oo O 


I — 


Q h- 


cn 


Z ZD 

zd o_ 


o 

CL 


o 2: 




oo — 





ce: 



LO 



o 



en 

OO 



7fT 




CO 



in 



i 

CO 



LO 
LO 



ZZ> 


ON 


CD 




CL_ 


O 



LU 

SCLLh- 

o — cn 

Q I O 

CL. CL. 



"TfT 



o en 

I — LU 
<C > 

cn — 
cq or 



Cn 

o 

Q- 



CD 

o 

LJL 



< m CN 
CNJ CD LO 

LO 



— — 

oo I — 

cn 
lu o 

OO Q_ 

□c cn 

Ql O 

I I— 

Q <C 
LU 

h- LU 

cn z 

LU LU 
> CD 



cn 


LL 


J Z 


cn — 

LU LL 


- o 


S — 




CD _ 


J cn 


CL. CL. O 


3£ Q_ 


- «<3 





cn o 



Q 

CM 
LO 

3E O 



LU 

CN 
LO 



cn 

LU Z 

cn — o 



o u cn 

CL CL O 
2 Q_ 




CD 
LO 



— I o 
«c — 

— o 

OO CL. 



ZD CL. 
O V— 
OO ZD 
O 



15 



EP 1 475 988 A1 



FIG. 7 



11 
i 



SOUND 


SIGNAL 


INPUT 


PORTION 


61 

) 


IMAGE 


SIGNAL 


INPUT 


PORTION 



12 

I 

VIBRATOR 
DRIVER 
PORTION 



62 

1 



DISPLAY 
DRIVER 
PORTION 



13 

4- 



EXCITER 
PORTION 



63 

4- 



D I SPLAY 
PORTION 



14 



-5> 



VIBRATOR 
PORTION 



FIG.8 



11 



SOUND SIGNAL 
INPUT PORTION 



IMAGE SIGNAL 
INPUT PORTION 



61 



12 

I 



VIBRATOR 
DRIVER 
PORTION 



~7TT 



DISPLAY 
DRIVER 
PORTION 

"I 

62 



13 

4- 



EXCITER 
PORTION 



DISPLAY 
PORTION 



63 



14 



VIBRATOR 
PORTION 



16 



EP 1 475 988 A1 



FIG. 9 




FEED 
RESET 
SIGNAL 



#102 



START DISPLAY 
DRIVER ' 
PORTION 



#103 



#104 



START 
DISPLAY 
CONTINUE 
DISPLAY 




#105 



FEED 
MUTE 
SIGNAL 



#106 



BRING DISPLAY 
DRIVER PORTION 
INTO STANDBY 
STATE 



c 



START 



D 




DETECT 
RESET SIGNAD 



START 
VIBRATOR 

DRIVER 
PORTION 



#203 



START SOUND 
GENERATION 



DETECT 




^ MUTE SIGNAL 



BRING VIBRATOR 
DRIVER PORTION 
INTO STANDBY 
STATE 



#204 



Q END J ) Q END 



17 



EP 1 475 988 A1 



FIG. 10 

LIQUID 
CRYSTAL 
LAYER 



GLASS 
GLASS 



LIGHT GUIDE PLATE/BACKLIGHT 



FIG.11 



LIQUID 
CRYSTAL 
LAYER 



GLASS 



GLASS 



FIG. 12 



GLASS 



EL LAYER 



COMMON ELECTRODE & 
PROTECTIVE SHEET 



FIG. 13 



MOVABLE 
PORTION 



LIGHT GUIDE PLATE 



ACTUATOR ELEMENT SUBSTRATE 



FIG.14 



VACUUM 
DISCHARGE 
PORTION 



GLASS 



GLASS 



18 



EP 1 475 988 A1 



FIG. 15 



INTEGRALLY/ 
FORMED \ 




FIG.16 

63 




19 



EP 1 475 988 A1 



FIG. 18 




FIG.19 




20 



EP 1 475 988 A1 



FIG.20A 



3-1,3-2, OR 3-3 



201-1 
202 
201-2 




FIG.20B 



FIG.20C 



201-1 
202 
201-2 





203 



203 



3-1,3-2, OR 3-3 

3-1 ,3-2, OR 3-3 
203 

A 



\ I 1 



FIG.21 



FIG.22 



VIBRATOR 
PORTION 



EXPANSION/ 

CONTRACTION VIBRATION 

1 



EXPANSION/ 

CONTRACTION VIBRATION 
< > 




it 



21 



EP 1 475 988 A1 



FIG.23 





CONNECTION 
TERMINAL 
PORTION 






IMAGE SIGNAL 
INPUT PORTION 
















DISPLAY 
DRIVER PORTION 


THIN-FILM 
SUBSTRATE 


DISPLAY 
DRIVER PORTION 











































































































































































63A 63 

FIG.24 





CONNECTION TERMINAL PORTION 


SEPARATE 
SUBSTRATE 




SOUND SIGNAL 
INPUT PORTION 




IMAGE SIGNAL 
INPUT PORTION 
























DISPLAY 
DRIVER PORTION 


VIBRATOR 
DRIVER 

DflDT 1 nM 




THIN-FILM 
SUBSTRATE 


























DISPLAY 
DRIVER PORT 101 








































































EXCITER 
PORTION 



















































































63A 



22 



EP 1 475 988 A1 



FIG.25 



EXCITER 
PORTION 



CONNECTION TERM 


INAL PORTION 


SOUND SIGNAL 
INPUT PORTION 




IMAGE SIGNAL 
INPUT PORTION 


I 








VIBRATOR 
- DRIVER 
PORTION 








DISPLAY 
DRIVER PORTION 






DISPLAY 
DRIVER PORTION 




















THIN-FILM 
SUBSTRATE 















































































































































63A 



63 



FIG.26 



63 

2_ 



100 



CARD-TYPE APPARATUS 



FIG.27 

63 222 

. Z 

CARD-TYPE APPARATUS 

1 i — i i — i i 

^ ^ ^ 

71 



23 



EP 1 475 988 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP03/01449 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H04R1/02, H04R17/00, G09F27/QG 






According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl 7 H04R1/02, H04R17/00, G09F27/00 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 
Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 


Electronic c 


ata base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


JP 63-299996 A (Toshiba Corp.), 
07 December, 1988 (07.12.88), 
Full text; Figs. 1 to 10 




1-7,9-15, 
17-23,25, 
28-29,34-36, 
40 

8,16,24, 
26-27,31-33, 
37-39 


Y 


Full text; Figs. 1 to 10 

& FR 2615984 A & US 


4851654 A 




Y 


Microfilm of the specification and drawings annexed 
to the request of Japanese Utility Model Application 
No. 38585/1988 (Laid-open No. 142993/1989) 

(Stanley Electric Co., Ltd.), 
29 September, 1989 (29.09.89,), 
Full text; Figs. 1 to 5 

(Family: none) 


8,16,24 


| x | Further documents are listed in the continuation of Box C. 


| [ See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 


"T* later document published after the international filing date or 

priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 


Date of the actual completion of the international search 
13 March, 2003 (13.03.03) 


Date of mailing of the international search report 
25 March, 2003 (25.03.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 






Facsimile No. 


Telephone No. 







Form PCT/1SA/210 (second sheet) (July 1998) 



24 



EP 1 475 988 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/01449 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



JP 60-58783 A {Canon Inc.), 
04 April, 1985 (04.04.85), 

Page 2, lower left column, line 8 to lower right 
column, line 9; Fig. 2 

Page 2, lower left column, line 8 to lower right 
column, line 9; Fig. 2 
(Family: none) 

Microfilm of the specification and drawings annexed 
to the request of Japanese Utility Model Application 
No. 52618/1987 (Laid-open No. 159443/1988) 
{Citizen Watch Co., Ltd.), 
19 October, 1988 {19.10.88), 
Full text; Figs. 1 to 2 
(Family: none) 

JP 2001-343915 A {Heiwa Creation Co.), 
14 December, 2001 (14.12.01), 
Full text; Figs. 1 to 5 
(Family: none) 

JP 10-145291 A (Hitachi, Ltd.), 
29 May, 1998 (29.05.98) , 
Full text; Figs. 1 to 8 
(Family: none) 

JP 3073075 U {Micro M's Inc.), 
23 August, 2000 (23.08.00), 
Full text; Figs. 1 to 8 
(Family: none) 

JP 6-160830 A (Sharp Corp.), 

07 June, 1994 (07.06.94) , 
Full text; Figs. 1 to 6 
(Family: none) 

JP 2001-93450 A (Sony Corp.), 
06 April, 2001 {06.04.01), 
Full text; Figs. 1 to 11 
{Family: none) 

JP 2001-154218 A (Matsushita Electric Industrial Co . , 
Ltd. ) r 

08 June, 2001 (08.06.01), 
Full text; Figs. 1 to 37 

& WO 01/18596 Al & CN 1321261 T 

JP 3069057 U (Isao ITO) , 
0 8 March, 2000 (08.03.00), 
Full text; Figs. 1 to 4 
(Family: none) 



1-5 
31-33 

1-3 



4,37 



26,27 



27 



38 



39 



31-33 



30 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



25 



